Background: Although infections represent the most common health problem of travellers abroad, data on morbidity and incidences of various infections are scarce. Method: Data on infections of Finnish travellers during 2010e2012 were retrieved from the database of SOS International, an assistance organization covering 95% of Finns requiring aid abroad. The study included 30,086 cases. For incidence calculation, the data were linked to the numbers of Finns visiting these regions during the same period as recorded by the Official Statistics of Finland. Results: The incidence of infections was particularly high in Africa, southern Europe plus the eastern Mediterranean, and Asia plus Oceania. The most frequent diagnoses were acute gastroenteritis (38.0%) and respiratory-tract infections (RTI) (34.5%), followed by infections of the ear (12.6%), skin or subcutaneous tissue (5.1%), urogenital tract (4.2%), eye (3.1%), and systemic febrile infections (2.2%). Vaccinepreventable diseases (VPD) accounted for 0.8% of cases, with varicella as most (49%) and influenza as second-most (27%) common. Conclusions: Incidence of infections was higher in southern than in eastern and western Europe. Gastroenteritis and RTI proved the most frequent diagnoses, whereas systemic febrile infections were uncommon. Despite pre-travel immunizations, VPDs still occurred; pre-travel consultation should cover both varicella and influenza.
Introduction
International travel has, in recent decades, increased substantially; annual international tourist arrivals are expected by 2030 to reach 1.8 billion, with travel to emerging economies increasing at twice the pace of travel to advanced regions [1] . Accordingly, travellers are anticipated to cause a rising burden on health care systems both in the regions visited and in their home countries after return. Over half the visitors to developing countries have been reported to fall ill, and 8% to require medical attention [2] . Less data are available on travel to developed countries. Recently, we showed that more than half of all health problems during travel are infections [3] .
Most studies present the proportionate morbidity of returning travellers, often reporting data from centres specialized in travel and tropical medicine [4e15] . As for health problems while abroad, data have been collected mainly after travellers' return [2,16e20] , with figures recorded during the actual journeys being scarce [21e23] . Until recently, reports on incidences, meaning cases related to numbers of travellers to each region, have been lacking [24] .
The largest group among all international travellers are the Europeans. Even though they represent only 10% of the world population, they are responsible for half of world's international arrivals [1] . Our earlier report [3] presented data on 50,710 Finnish travellers with health problems abroad, as retrieved from an assistance organization (SOS International) covering 95% of Finns requiring aid abroad. In addition to presenting proportionate morbidity, we combined those data with the annual numbers of travellers to various destinations that are recorded in the Official Statistics of Finland (OSF) [25] , enabling calculation of incidence of illness and injury during travel. The study not only found significant differences in incidences between geographic regions, but also demonstrated that infections (60%) outnumber all other health problems. We now revisit these data to study the incidences of infections in various geographic regions and to examine their types in more detail.
Methods

Assistance organization data
SOS International (SOS), serving Nordic and Baltic insurance companies, provides travellers with 24-h emergency assistance: advice, medical evaluation, referral to treatment, cost coverage and arrangement of transportation if indicated for medical reasons. SOS covers approximately 95% of all Finnish cases (77% of inpatients, 99.8% of outpatients) handled by assistance organizations of insurance companies abroad [3] . The study material covers Finnish travellers that used health care services abroad and were reported to SOS. Coordinating doctors are assigned to 86% of inpatient and 1% of outpatient cases [3] . They stay in contact with patient and clinician abroad, examine medical reports, evaluate treatment, and give orders for repatriation. Non-medical assistance coordinators see to the uncomplicated inpatient, and to 99% of outpatient cases, recording diagnoses provided by clinicians abroad [3] . Earlier, we retrieved data on all cases, 1 January 2010 to 31 December 2012, a total of 50,710. For the present study we selected only those cases diagnosed with infection ( Fig. 1) .
All SOS data are processed in a computerized database and comprised information on age, sex, time and country of illness, inpatient or outpatient status, main diagnosis, repatriation, and death. Research permission came from SOS.
OSF data
The OSF data on Finnish travellers comprise annual numbers and median duration of at-least-overnight leisure, business and professional visits abroad, and travellers' age groups by region and country. The initial data collection included monthly sample-based computer-assisted telephone interviews with Finnish residents aged 15e74 years; in 2012, the upper age limit was extended to 84 years. The samples, systematically drawn from the central population register, totalled 26,400 individuals annually in 2010 and 2011, and 28,200 in 2012 [25] .
Definitions
A case was defined as a Finnish traveller abroad with one episode of illness that received a diagnosis of infection, a case handled by SOS during 2010e2012. Anyone with several separate episodes was thus counted more than once. Repatriations were grouped based on manner of return: as planned, by air ambulance, or by other rearranged transport.
Diagnoses
Coordinating doctors had encoded the diagnoses, applying the International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD-10) [26] . Assistance coordinators had recorded them as open text. For the present study, a single coordinating doctor, one of the researchers (HS), encoded these diagnoses applying ICD-10. We separated infection diagnoses from the ICD-10 organ-specific classification into a category of their own and classified them further under the following subcategories: acute gastroenteritis, respiratory tract infections, infections of the ear, infections of the skin or subcutaneous tissue (dermatologic infections), infections of the urogenital tract, infections of the eye, systemic febrile infections, and other infections. 
Calculation of incidence
Principles of incidence calculation are described in Fig. 1 and appear in more detail in Supplementary Table 1 and our earlier report [3] . For compatibility with the OSF population, incidence calculation was restricted to adults. For incidence calculations, we modified the geographic classification to make it compatible with the OSF classification [25] . No incidences appear for the Nordic or Baltic countries or Russia, because proportionally more cases are covered by the Social Insurance Institution of Finland (Kela), and visits are shorter than elsewhere, thus hampering comparison with other regions [3] .
Statistical methods
Details of statistical analysis of the incidences and estimation of the 95% Bayesian credible intervals (BCI) are described in Supplementary Table 1 and our earlier report [3] . Analysis of descriptive statistics was with Microsoft Excel 2010 and IBM SPSS 19.0. Differences between groups were tested with chi-squared and Student's t-tests and the KruskaleWallis test, as appropriate.
Results
The analysis included 30,086 cases; median age was 40 years [interquartile range (IQR) 15e59]; 55.7% were women. Most cases (20, 264) were reported in southern Europe plus the eastern Mediterranean (Table 1) .
Incidence of infections e general outlines
Infection incidence was greatest in Africa, in southern Europe plus the eastern Mediterranean, and in Asia plus Oceania. Incidence was low in the Americas and in eastern plus western Europe (Table 2) .
Acute gastroenteritis was most common in Africa, respiratorytract infections (RTI) in southern Europe and the eastern Mediterranean. Ear, dermatologic, and urogenital infections were most commonly reported from southern Europe plus the eastern Mediterranean or Asia and Oceania. Incidences of urogenital and eye infections were highest in southern Europe plus the eastern Mediterranean.
Proportionate morbidity e overview
Acute gastroenteritis (11,544 cases) proved to be the most common diagnosis (38%), followed by respiratory tract infections (35%), infections of the ear (13%), skin or subcutaneous tissue (5%), urogenital tract (4%), eye (3%), systemic febrile infections (2%), and other infections (0.2%) ( Table 3) .
Of all cases, 87% were treated as outpatients and 13% as inpatients (Table 4) ; 12% of women and 15% of men were hospitalized (p < 0.05). The most common reason for hospital treatment was acute gastroenteritis (66% of inpatients). Data on duration of hospital stay were incomplete; of the gastroenteritis cases, data were available for 730 cases with a median duration of 2 days (IQR 1e3). Patients with gastroenteritis needed hospitalization more often (23.3%) than did those with RTI (7.1%) (p < 0.05).
Of the ear infection cases, 53% had otitis media, 59% of whom were under age 15. Of the dermatologic infection cases, 80% were superficial infections of the skin and subcutaneous tissue. Of all cases with infection of the ear, skin, urogenital tract, or eye, most received treatment as outpatients.
Of all cases, 0.8% had a vaccine-preventable disease (VPD) with varicella as the most common, followed by influenza, herpes zoster, typhoid fever, and single cases of hepatitis A/B, measles and mumps. Of the varicella cases, 86% were children under age 15.
Age
When compared to other age groups, the proportion of acute gastroenteritis was greatest in the age groups 15 to 29, 30 to 44, and 45e59 years (p < 0.05) (Fig. 2) , while that of RTI increased with age, being greatest for those aged 60 to 74 and 75e100 years (p < 0.05). In children (0e14 years), the proportion of ear infections and systemic febrile infections was larger (p < 0.05), and that of dermatologic infections smaller (p < 0.05) than in other age groups.
Sex
The proportion of acute gastroenteritis and ear infections was greater in men (p < 0.05), whereas women had a higher proportion of respiratory, urogenital, and eye infections (p < 0.05) ( Table 5 ).
Repatriation and deaths
In 509 (1.7%) cases, the return travel required re-arrangement (Table 6 ). Eight cases (0.03%) needed transport by air ambulance. The data included four deaths: three cases of sepsis, including one melioidosis, and one pneumonia.
Discussion
Whereas numerous studies provide data on proportionate morbidity from a variety of diseases in travellers, this is e to the best of our knowledge e the first study to present, in a single report, the actual incidence figures of the various infections in travellers visiting different geographic areas. The figures are considered to represent the most serious cases, i.e. the ones to which pre-travel advice should focus. Acute gastroenteritis (travellers' diarrhoea, TD) and RTI were nearly equally common during travel, while systemic febrile infections proved relatively rare. VPDs were still found, a point to be considered in pre-travel counseling.
Incidence of infections
Incidence of infections proved low in eastern and western Europe and the Americas, and high in Africa, Asia plus Oceania and, somewhat unexpectedly, high also in southern Europe plus the eastern Mediterranean. Earlier, we showed a similar pattern in figures for overall incidence of illness and injury [3] , a consequence of the fact that infections represented 60% of all health problems. Differences between health care services may influence the figures within Europe: in countries with large numbers of tourists in southern Europe, private clinics directly contacting assistance organizations have evolved, whereas for countries with fewer private hospitals, the proportion of cases reported to SOS may remain smaller [3] . It seems, however, that this would only partly explain the difference, since infection incidence in southern Europe plus the eastern Mediterranean proved substantially higher than in eastern plus western Europe. The highest incidence was for RTI, in contrast to Africa and Asia, where TD ranked first. Although a low risk for TD has been reported for southern Europe [7] , we found a significantly higher incidence in southern Europe plus the eastern Mediterranean than in eastern and western Europe or the Americas. Warmer climate and water exposure may readily explain the higher incidence in dermatological, eye, and ear infections in southern Europe plus the eastern Mediterranean, as compared to eastern and western Europe. Interestingly, the incidence of systemic febrile infections proved low in all regions alike. A short incubation period explains in part the high incidence of TD and RTI during travel. It should, however, be pointed out that TD usually is a spontaneously resolving disease, and mild RTI does not always require health care. Thus, the incidence of these infections, although high in our study, still represents an underestimation of their total burden among travellers.
Proportional morbidity
The most common infection type during travel was TD (38%), consistent with findings on illness abroad [2,17e20] and after travellers' return [2, 10, 13, 14] . RTIs proved, however, nearly as common (35%). Studies covering also milder diseases have reported somewhat lower figures: in prospective studies, the rate of RTIs during travel has ranged from 3 to 26% [2,17e20,27] . Sentinel surveillance centres have reported figures between 8% and 21% after travel [10, 13, 14] . In our study, TD cases were hospitalized more often than were RTI cases. Duration of hospitalization for TD was short, readily explained both by spontaneous recovery and quick improvement after effective rehydration. Ear infections were the third largest infection group, consistent with the high frequency of these infections in general, especially in children, and thus also during travel. Some activities during travel, such as those related to water recreation during holidays, may serve as predisposing factors and partly explain the high frequency of external otitis. Otitis media, by contrast, may occur anywhere but is often associated with acute respiratory infections, which we found to be frequent during travel. Patients with acute otitis media or acute sinusitis should not fly until pressure in the middle ear or sinuses has resolved [28, 29] . Of those children having missed their return flight due to infection, 25% had an ear infection. Of course, in paediatric cases, an adult has to remain behind until the child is fit to fly.
Systemic febrile infections
The low incidence of systemic febrile infections in the present study is consistent with other findings on health problems during travel [2, 22] , yet contrasts with the substantially higher figures in sentinel surveillance studies mostly detecting post-travel problems in specialized centres [5,10,13e15] . While sentinel studies found malaria as the most frequent cause of systemic febrile illness [5,6,10,13e15] , our data showed malaria in only 8 cases (1.2%). The proportion of dengue (84 cases; 12.5%), by contrast, was similar to that for febrile returned travellers (6e13%) [5, 6, 10] . The higher proportion of dengue than malaria cases during travel may relate to its shorter incubation period. Indeed, diseases with a short incubation period may manifest even during a short trip, while those with longer incubation time may manifest after return and thus be better presented in post-travel studies. Interestingly, during the period of the present study, 190 post-travel malaria and 85 dengue cases were reported in our nationwide surveillance system [30] .
Vaccine-preventable diseases
The proportionate morbidity of VPDs proved relatively low (0.8%), a finding consistent with post-travel studies of surveillance centres (0.9e2.3%) [9, 10, 14] . This probably reflects partly the actual rarity of the exposure and partly the fairly good vaccine coverage among Finnish travellers.
In contrast to studies reporting influenza as the most common VPD among travellers [31, 32] , in our data, varicella ranked first (49%), and influenza only second (27%), followed by herpes zoster (20%). Varicella-zoster virus infections thus comprised a total of 69% of VPDs.
Varicella vaccination is included in the childhood vaccination program at national level in only 6 of the 28 European Union countries [33] . The Finnish national vaccination board has recommended adding it to our vaccination program, but this recommendation has yet to be implemented. As the incubation period of varicella is 10e21 days, the infection may have already been contracted before the trip. Developing symptoms of varicella abroad has, however, important practical consequences for the return trip. During the contagious stage of the disease, a patient with varicella has to be isolated and is not allowed fly on commercial aircraft [28, 29] . According to aeromedical guidelines, the patient can fly ten days after the onset of the rash if the crusts are dry and include no fresh vesicles [28] . Of the varicella cases, 86% were children under 15 years of age, and 47% missed their return flight. If the child is very young, because of the isolation, both parents also often have to remain behind. Families with multiple children may have to postpone the return trip of the whole family for a considerable time. Our results lead us to urge that varicella vaccine should be recommended before travel for all immunocompetent children and adults who do not have a history of varicella infection or previous vaccination or are uncertain of such history.
As for herpes zoster, a vaccine is available in many countries. While not traditionally listed as a travellers' vaccine, these data suggest that it could be considered for preventing varicella-zoster virus reactivation during travel, especially in the elderly.
The situation for influenza is clear: annual vaccination against seasonal influenza should be recommended to all travellers alike. The fact that TD remains the most common infection in travellers reminds us of the urgent need for vaccines against TD pathogens. Likewise, the high proportion of RTIs demonstrates the lack of vaccines against the most common respiratory pathogens.
Sex and age
The proportion of inpatients was higher among men than women, which accords with the greater proportion of TD cases among men. In older age groups, the proportion of RTIs was higher, but that of TD was lower than in the other groups. Both of these findings actually demonstrate the elementary problem in presenting proportionate morbidity: the percentages represent numbers in relation to one another, not the actual incidence [24] . Based on these data, to draw a conclusion as to whether the decrease in TD proportion with advancing age reflects only an increase in the proportion of RTIs or vice versa, appears impossible. In other studies, the risk for TD has proved highest in infants, toddlers, and young adults [34e36]. 
Repatriation and deaths
As causes of death in travellers, infections have been reported to be uncommon, as also shown here. Lunetta [37] analysed the causes of death of Finnish travellers abroad during 1969e2007 finding that infections covered only 1.3%. Infections did not often cause changes in travel plans either, which in part reflects the benign course of the most common disease, TD, usually resolving spontaneously within a few days [38, 39] .
Limitations and strengths
A few limitations of this study deserve discussion. The paediatric populations could not be included in the incidence calculations because the denominator data of OSF did not include children and, therefore, this group could only be included in figures describing proportional morbidity.
The SOS database included no information on duration of and reason for travel, or on itineraries of individual cases, preventing any evaluation of these factors. Our data do not cover all illnesses during travel. Firstly, the data lacked information on those ill travellers who needed health care services but made no contact with any insurance company or assistance organization while abroad (either making a claim later or not using their insurance). Nor did the data cover those without travel insurance. Secondly, our data do not cover the large group of travellers with mild symptoms who did not use health care services abroad. Our recent prospective study showed only 13% of travellers with health problems as contacting healthcare providers [27] . Thirdly, as the study material only covered infections during travel, it does not include those infections acquired abroad but only becoming symptomatic after the individual's return. These include especially diseases with a long incubation period.
One of the strengths of the study is that the diagnoses were not reported by travellers themselves after the trip but came directly from clinicians treating the patient abroad. The original medical reports were not available for the study, and thus we did not have information on how the diagnoses were confirmed. Other strengths include the exceptionally large size of the study population (30,086 cases) and the fact that it covers 95% of all Finnish cases abroad handled by assistance organizations.
Conclusions
While our study does not cover the mildest cases, our data represent quite comprehensively travellers' most serious infections, those upon which pre-travel advice should especially focus. Incidence of travellers' infections proved higher in southern than in eastern and western Europe. TD and RTI proved nearly equally common; the study further emphasizes the need for vaccines against both. Systemic febrile infections proved relatively rare. Among infections targeted by currently available vaccines, the most common proved to be varicella, with influenza ranking second. Indeed, a history of varicella infection or vaccination should be confirmed for all travelling children and adults, and seasonal influenza vaccination should be recommended annually to all travellers.
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